RESULTS:
The study evaluated 241 eyes in 182 patients with keratoconus. Both corneal surfaces showed statistically significant decreases in average steep keratometry (K2) values, corneal astigmatism, elevation at the apex and at the thinnest point, maximum elevation in the central 4-mm area, and elevation inside the 3-and 4-mm zones and at the 3-mm ring. Regarding anterior surface parameters, a significant decrease was observed in flat keratometry (K1), whereas asphericity increased. On the posterior corneal surface, no significant changes in K1 and asphericity were observed. Poor correlation was found between visual outcomes and changes in tomographic parameters. The best correlation was obtained for anterior corneal astigmatism.
CONCLUSIONS: ICRS implantation led to statistically significant changes in both anterior and posterior corneal surfaces. However, correlation between visual outcomes and tomographic parameters was poor.
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Tomographic Findings After Ferrara ICRS Implantation/Lyra et al in scientific studies. Additionally, the study was approved by the local ethics committee.
All patients were intolerant to contact lenses and/ or had evidence of progression of ectasia, in addition to a clear central cornea. The following exclusion criteria were used to select patients for the study: history of any previous eye surgery, presence of other lesions besides keratoconus, occurrence of intraoperative or postoperative complications, or the need for removal, exchange, or repositioning of the ring.
All surgeries were performed under topical anesthesia by the same surgeon (PF) and using the manual technique for ICRS implantation, without the use of any suction device. The rings were implanted according to the Ferrara Ring Nomogram, at 80% of the corneal pachymetry at the incision site. 6 After surgery, ketorolac drops were used every 15 minutes for 3 hours, and a combination of 0.1% dexamethasone and 0.3% moxifloxacin or ciprofloxacin drops was used every 4 hours for 7 days, as well as lubricant eye drops every 6 hours for 30 days.
Preoperative and postoperative tomography scans of the cornea, obtained with the Pentacam, were evaluated. Thirty-seven parameters of the two corneal surfaces were specifically included in the current study: flat (K1) and steep (K2) keratometry values, corneal astigmatism in the 3-mm zone (Astig), best fit sphere for the central 8-mm zone (BFS 8mm), elevation at the apex using the 8-mm BFS (Ele BFS 8mm Apex), elevation at the thinnest point using the 8-mm BFS (Ele BFS 8mm Thinnest), maximum elevation in the central 4-mm zone using the 8-mm BFS (Ele BFS 8mm Max 4mm Zone), mean corneal thickness measurement on a 2-, 3.2-, 4-, and 5-mm ring (Pachy), anterior chamber depth (ACD), asphericity measurement at 30° (Asph Q 30°), the average elevation inside 3-, 4-, 5-, and 6-mm zones (Ele Avg Zone), and the average elevation on a 3-, 4-, 5-, and 6-mm ring (Ele Avg Ring).
The selection of these parameters was based on the ICRS position in the cornea and the possibility of change of any of these parameters after ICRS implantation.
The Statistical Package for the Social Sciences (version 12.0; SPSS, Inc., Chicago, IL) was used for the statistical analysis. The results are presented as mean ± standard deviation. For comparison of groups, the Wilcoxon test for nonparametric samples was used. For correlation, the Pearson's correlation coefficient was used. P values of less than .05 were considered statistically significant.
RESULTS
Two hundred forty-one eyes from 182 patients with keratoconus were included in the study (113 right eyes [46.9%]; 128 left eyes [53.1%]). One hundred five patients were male (57.7%) and 77 (42.3%) were female. Their mean age was 28.5 ± 8.8 years (range: 16 to 60 years) and the minimum postoperative followup period was 6 months (average: 29.4 months; range: 6 to 72 months). According to the Amsler-Krumeich classification for grading the severity of keratoconus, 111 eyes (46.1%) were grade I, 95 (39.4%) were grade II, 16 (6.6%) were grade III, and 18 eyes (7.5%) were grade IV. A single segment was implanted in 153 eyes, whereas a pair of segments was implanted in 88 eyes.
Visual acuity
Corrected acuity outcomes are shown in Figures 1-2 .
tomographic parameters There were statistically significant postoperative decreases (P = .0001) in almost all anterior ( Table 1 ) and posterior ( Table 2 ) surface parameters evaluated.
In both corneal surfaces, the average elevation inside the 3-and 4-mm zones and at the 3-mm ring decreased postoperatively (Table A, available in the online version of this article). However, the average elevation inside the 6-mm zone, on a 4-, 5-, and 6-mm ring, in- Tomographic Findings After Ferrara ICRS Implantation/Lyra et al creased significantly. There were no changes in the average elevation inside a 5-mm zone. Furthermore, a significant increase was found in average corneal thickness (P = .0001) at the 2-mm zone (470 ± 38.58 vs 484.05 ± 41.26 µm), 3.2-mm zone (498.11 ± 35.51 vs 513.14 ± 39.08 µm), 4-mm zone (520.88 ± 35.07 vs 536.37 ± 38.74 µm), and 5-mm zone (559.44 ± 37.22 vs 573.58 ± 39.94 µm).
relationship Between tomographic parameters and Visual outcomes
Correlation coefficients between variation in tomographic parameters and lines of vision improvement in logMAR are described in Tables B-C (available in the online version of this article). With regard to anterior surface parameters (Table B) , the best statistically significant correlation was obtained for corneal astigmatism (r = -0.2758, P = .0001). Similarly, K2 and maximum elevation in the central 4-mm zone had poor and inverse correlations (r = -0.2171, P = .001, and r = -0.2092, P = .0015, respectively). The change in anterior average elevation on a 6-mm ring correlated positively with lines of vision (r = 0.2037, P = .0019). Additionally, poor correlations were seen between visual outcomes and changes in elevation at the thinnest point (r = -0.1371, P = .0313), and between visual outcomes and mean anterior elevation inside a 3-, 4-, and 6-mm zone (r = -0.1578, P = .0136; r = -0.1261, P = .0476; and r = 0.1371, P = .0313, respectively) and on the 5-mm ring (r = 0.1898, P = .0035). Readings for K1, anterior BFS for an 8-mm zone, elevation at the apex, asphericity measurement, and mean anterior elevation inside a 5-mm zone and with a 3-or 4-mm ring did not correlate significantly with lines of vision improvement (P ≥ .05).
In regard to posterior surface parameters and ACD (Table C), there was a weak correlation between K2, Astig, and Ele B BFS 8mm Apex parameters and lines of vision improvement (r = 0.1722, P = .0074; r = -0.1578, P = 0.0135; and r = -0.1371, P = .344; respectively). There was no significant correlation between changes in the other parameters and visual outcomes (P ≥ .05).
A weak inverse correlation was obtained with the average pachymetry reading on a 2-mm ring (r = -0.1898, P = .0034) ( Table C) . Furthermore, on the 3.2-, 4-, and 5-mm ring, no significant correlation was seen with lines of vision improvement (P ≥ .05). 12 analyzed anterior curvature changes in 400 eyes with keratoconus after Ferrara ICRS implantation. Average K readings decreased from 51.83 ± 6.87 to 47.66 ± 6.08 D (P < .001). Rho et al., 1 Söglütü et al., 2 and Salgado-Borges et al. 13 found similar postoperative results: 51.80 ± 4.68 to 49.59 ± 3.71 (P < .001), 50.94 ± 5.01 to 47.78 ± 4.00 (P < .01), and 50.7 ± 4.2 to 47.5 ± 3.7 (P = .0003) D, respectively. We found a decrease from 48.6295 ± 4.2837 D preoperatively to 46.3882 ± 3.6654 D postoperatively (P < .0001).
ICRSs also affect the posterior corneal surface. It is known that a local protrusion is found in both anterior and posterior surfaces of keratoconic corneas 14 and that the optical contribution of the posterior corneal surface is even more important in keratoconus, especially in advanced cases. 15 The Scheimpflug imaging technology was chosen because of its proven reliability when it comes to providing repeatable measurements of curvature, elevation, and asphericity for the posterior corneal surface in normal eyes. 16 Limited data are available about the repeatability of parameters in keratoconic/irregular corneas. However, the corneal tomography has been considered as the gold standard for keratoconus assessment because it evaluates the anterior and posterior corneal surfaces.
Rho et al. 1 found that both the average and maximum posterior keratometric measurements became significantly steep on the posterior surface after INTACS implantation (-8.03 ± 1.05 to -8.42 ± 0.87 D, P < .001, and -8.46 ± 1.06 to 8.78 ± 0.91 D, P < .012, respectively). However, in the current study, average K and maximum K readings decreased from -7.1768 ± 0.8105 to -7.0384 ± 0.7832 D (P < .0001) and from -7.6776 ± 0.891 to -7.3473 ± 0.8421 D (P < .0001), respectively.
ICRSs also affect corneal elevation. Rho et al. 1 assessed anterior elevation of the cornea at the central and thinnest points and found a reduction from 36.88 ± 20.63 to 30.44 ± 12.52 (P < .010) and 36.88 ± 20.63 to 30.44 ± 12.52 (P < .010), respectively. Sögütlü et al. 13 studied only the anterior maximum elevation, and Salgado-Borges et al. 5 investigated the anterior elevation of the center point and the anterior minimum elevation. Both studies showed a statistically significant 
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Copyright © SLACK Incorporated Tomographic Findings After Ferrara ICRS Implantation/Lyra et al decrease in anterior elevation after ICRS implantation. In the current study, elevation readings in the center of the cornea and at the thinnest point were assessed, as well as the maximum elevation inside the 4-mm central zone. All three parameters showed a statistically significant decrease, mostly in agreement with the previous studies.
1,2
Although specific corneal parameters (eg, elevation at the center point and thinnest point) are important values to be analyzed, they might be less important in patients with keratoconus because of the corneal distortion inherent to the disease. Hence, average area parameters could better describe these changes because these would embrace keratoconus as it actually is, as an ectatic zone. To the best of our knowledge, this is the first study to analyze these anterior and posterior corneal elevation parameters.
In our study, mean anterior elevation measurements were obtained within the 3-, 4-, 5-, and 6-mm diameter zones, and in a 3-, 4-, 5-, and 6-mm ring ( Table 1) . The mean anterior elevation in a 3-and 4-mm zone showed a statistically significant reduction. On the other hand, the anterior elevation decreased in the 5-mm zone, although it was not statistically significant, whereas it increased in the 6-mm zone ( Table 1) . This difference in variation from 3-and 4-mm zones to 5-and 6-mm zones is explained by the fact that the ring segments were implanted 5 mm from the corneal center. All average ring parameters (3, 4, 5, and 6 mm) showed a statistically significant reduction ( Table 1) .
Regarding the posterior corneal surface elevation parameters, Rho et al. 1 found an increase in elevation at the center point from 79.48 ± 43.15 preoperatively to 94.60 ± 36.12 postoperatively (P < .012) and the thinnest point from 97.40 ± 40.17 to 110.48 ± 36.56. On the other hand, the current study revealed a decrease in the apex and at the thinnest point, as well as a decrease in the maximum elevation inside the 4-mm zone. Sögütlü et al. 2 and Salgado-Borges et al. 13 found similar results.
As in the case of the anterior corneal surface, the current study also looked into the mean posterior elevation inside the 3-, 4-, 5-, and 6-mm diameter zones, as well as mean posterior elevation on a 3-, 4-, 5-, and 6-mm ring. Similar to the anterior surface parameters, the mean elevation inside the 3-and 4-mm zones decreased, whereas the 5-mm zone mean elevation did not show a statistically significant change. Unlike anterior elevation, mean posterior elevation in the 6-mm zone decreased after the surgery (Table A) .
Secondary to the change in corneal elevation after ICRS implantation, BFS is also expected to change because BFS is a reference for elevation measurements.
Previous studies showed a flattening to both anterior and posterior BFS.
1,2 Our study found similar results. Similarly, ACD changes in response to the overall corneal flattening. Rho et al. 1 found that ACD decreased from 3.44 to 3.32 mm (P < .001). Our results are strikingly similar to those from this earlier publication, having shown a statistically significant reduction from 3.4237 to 3.3429 mm (P < .001).
The current study also analyzed anterior and posterior corneal asphericity. Currently, the most commonly accepted value in a non-keratoconic cornea in the adult population is approximately -0.23 ± 0.086, measured at the 8-mm optical zone. 17 In keratoconus, corneal asphericity becomes more negative (more prolate) as the severity of the disease increases. 18 In 2010, Torquetti and Ferrara 19 found that the implantation of ICRS significantly changed the mean corneal asphericity from -0.85 to -0.32 (P = .000). Our study found similar results, with anterior asphericity changing from -0.8067 ± 0.4677 to -0.3804 ± 0.4911 (P < .001). Posterior asphericity did not show any statistically significant changes after the implantation.
After ICRS implantation, several studies 1,2,20 demonstrated an increase in corneal thinnest pachymetry, but not in central pachymetry. Unlike other studies, we chose to assess average ring measurements instead of individual pachymetric values, due to the fact that the ring segments create a change in areas concentric to the corneal apex. Hence, a ring thickness reading, rather than a point, would better explain these modifications. Our study analyzed the average pachymetry at a 3-, 4-, 5-, and 6-mm corneal ring diameter. All four parameters showed a statistically significant increase ( Table A) .
It is well established in the literature that ICRS implantation reduces the refractive error as a result of the so-called corneal flattening effect, 21, 22 usually with an improvement in visual acuity. Earlier publications tried to find a correlation between corneal parameter changes and visual outcomes after ICRS implantation. Sögütlü et al. 2 found a weak but statistically significant correlation between maximum posterior corneal elevation and uncorrected distance visual acuity, and the spherical equivalent (r = 0.18 and P = .02). The current study analyzed the correlation of corneal tomographic parameter changes to lines of vision improvement. Although several publications show that there is a significant improvement in visual acuity after ICRS implantation, to the best of our knowledge, no previous study tried to describe the relationship between corneal parameter changes and lines of vision improvement. On the anterior cor-neal surface, our study found a statistically moderate correlation (P < .05) between lines of vision improvement and anterior corneal astigmatism, anterior K2, anterior maximum elevation in a central 4-mm zone, and mean anterior elevation on a 6-mm ring. There was a poor correlation with anterior elevation at the thinnest point, anterior average elevation inside a 3-, 4-, and 6-mm zone, and on the 5-mm ring mean elevation ( Table B) . The best correlation index between these parameters was with anterior astigmatism (r = -0.2758, P = .0001).
Regarding the posterior surface, there was a weak negative correlation between the K2, Astig, and Ele B BFS 8mm Apex parameters and lines of vision improvement. This result shows that the more these parameters decreased, the more lines of vision the patient gained.
This study demonstrated that the implantation of the Ferrara ICRS changes corneal tomographic parameters in both anterior and posterior surfaces, with an ensuing corneal regularization. Despite the changes in corneal parameters, there was weak correlation between these changes and lines of vision improvement. Further work is needed to better understand this relationship. 
